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Abstract: Preservation of prostatic nerves is critical to recovery of a man’s sexual potency
after radical prostatectomy. A real-time imaging method of prostatic nerves will be helpful for
nerve-sparing radical prostatectomy (NSRP). Polarization-sensitive optical coherence
tomography (PS-OCT), which provides both structural and birefringent information of tissue,
was applied for detection of prostatic nerves in both rat and human prostate specimens, ex
vivo. PS-OCT imaging of rat prostate specimens visualized highly scattering and birefringent
fibrous structures superficially, and these birefringent structures were confirmed to be nerves
by histology or multiphoton microscopy (MPM). PS-OCT could easily distinguish these
birefringent structures from surrounding other tissue compartments such as prostatic glands
and fats. PS-OCT imaging of human prostatectomy specimens visualized two different
birefringent structures, appearing fibrous and sheet-like. The fibrous ones were confirmed to
be nerves by histology, and the sheet-like ones were considered to be fascias surrounding the
human prostate. PS-OCT imaging of human prostatectomy specimens along the perimeter
showed spatial variation in the amount of birefringent fibrous structures which was consistent
with anatomy. These results demonstrate the feasibility of PS-OCT for detection of prostatic
nerves, and this study will provide a basis for intraoperative use of PS-OCT.
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1. Introduction

Nerve-sparing radical prostatectomy (NSRP) is a surgical removal procedure of all or part of
the prostate capsule containing cancer while preserving nerves affecting a man's erectile
function [1]. Cavernous nerves (CNs), which course along the surface of prostate capsule, are
responsible for the function [2, 3]. There are risks of injury in CNs during radical
prostatectomy, because CNs are located close to the prostate surface. The distance between
CNs and prostate surface varies depending on different areas from several hundreds of
micrometers to a few centimeters apart. The current method of identifying CNs during NSRP
procedure is based on their visual appearance and general understanding of the anatomy [4—
10]. An electrophysiological testing method such as electromyographic (EMQG) stimulation
[11-13] and various imaging methods have been developed and are under investigation to
provide better identification of CNs [14—17]. The imaging methods are transrectal ultrasound
(TRUS) [18-21], dye-based fluorescence imaging [22—30], multiphoton microscopy (MPM)
[31, 32], coherent anti-Stokes Raman scattering (CARS) microscopy [33], and photoacoustic
microscopy (PAM) [34, 35]. However, these imaging methods have their own limitations as
far as their use for the surgery. Ultrasound imaging method has poor resolutions for
visualizing nerves. Fluorescence imaging method relies on exogenous agents for nerve
labeling and is limited in clinical applications. MPM and CARS microscopy methods
visualized individual nerves, but have limitation in imaging depths down to a few hundred
micrometers from the surface as well as small imaging fields of view.

OCT is a 3D imaging technique based on light back reflection, and it can visualize tissue
microstructure and vasculature at approximately ten micrometer resolutions down to a few
millimeters from the surface in typical tissues in real time [36]. OCT visualizations of CNs
have been demonstrated in both rat model [37, 38] and human [39-41]. The previous OCT
studies based on structural imaging of CNs in the prostate, and they had difficulties in
distinguishing CNs from surrounding tissue compartments due to similarity in morphology.
Complementary image processing algorithms, such as segmentation, denoising, and edge
detection techniques have been developed for better identification and imaging of the CNs
[42—45]. Even with all these developments, it is still challenging to detect CNs based on
structural information.

Polarization-sensitive OCT (PS-OCT) is a functional OCT technique providing
polarization information of tissue as well as structure [46—50]. PS-OCT is useful for detecting
tissues having polarization properties such as birefringence by providing additional contrast
for distinction, and has been applied for studying various organs such as eye [51-53], skin
[54-57], and coronary artery [58]. Nerves usually express birefringence partially by the
microtubule arrangement of nerve axons themselves and their alignment, and by myelin
sheath surrounding the nerve axons. Recently, PS-OCT was applied to qualitative detection
and quantitative characterization of rat sciatic nerve [59, 60].
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In this study, PS-OCT was applied for detection of prostatic nerves in periprostatic tissues
by using both structural and birefringent information. PS-OCT imaging was conducted on
both rat prostates and human prostatectomy specimens ex vivo, and histological analysis with
immunofluorescence staining or MPM imaging was conducted for comparison.

2. Materials and methods
2.1 Sample preparations

Experimental procedures in this study were approved by the Institutional Animal Care and
Use Committee (IACUC), and the Institutional Review Board (IRB) at the Catholic
University of Korea, Seoul St. Mary's Hospital. All experiments were carried out in
accordance with the approved guidelines and regulations. 8 male Sprague-Dawley rat
prostates and 3 human prostatectomy specimens were used in this study. Rats were
anesthetized with subcutaneous injection of Zoletil 50 (Virbac Laboratories, Carros, France)
and xylazine hydrochloride (Rompun; Bayer, Seoul, Korea) at dosages of 15 mg/kg and 5
mg/kg respectively. Major pelvic ganglion (MPG) is parasympathetic ganglion on either side
of the pelvic plexus, and nerves within this ganglion are projected to three pelvic organs: the
penis, colon, and urinary bladder. CNs are post-ganglionic nerves derived from MPG to the
penis, and its preservation during NSRP is crucial to prevent erectile dysfunction and
complications. MPG and CNs were first identified by visual examination following midline
celiotomy, and single 3-0 nylon sutures or medical marking dyes (1003-3 Black, Davidson
Marking System, Bradley Products, Inc.) were placed on both sides of MPG and CNs for
marking, respectively. Three cases of radical prostatectomy were performed by surgeons from
January 2015 to February 2015, and the prostatectomy specimens were imaged immediately
after the surgery. A picture of the prostatectomy specimen is shown in Fig. 1. Orientation of
the prostatectomy specimen was specified by counterclockwise numbering around the
perimeter with reference to the urethral opening as the apex, and 6 o’clock and 12 o’clock
were numbered to the posterior and anterior sides, respectively. The prostatic nerves, which
course along the posterolateral side of prostate, are known to be in higher density and size [9,
10], and more responsible for erectile function [13] compared to the ones in the anterior side.
Three different orientation sites at 3, 5, and 12 o’clock were imaged in individual specimens.

Seminal
vesicle i

Posterior sid
(GEED)]
6L

Urethral

opening \ :

12
Anterior side
(Ventral)

Fig. 1. A picture of radical prostatectomy specimen with orientation. Orientation of the
prostatectomy specimen was numbered counterclockwise with respect to the urethral opening,
and 12 o’clock and 6 o’clock were numbered to the anterior and posterior sides, respectively.

2.2 Histologic analysis

Following PS-OCT imaging, the rat prostate and human prostatectomy specimens were
processed for histological analysis. The specimens were fixed in 4% paraformaldehyde for 24
h at room temperature, embedded with paraffin, and cut into 3 pum thick sections with a
microtome. The paraffin sections were immunostained with the primary antibody neuron-
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specific B-1II tubulin (diluted 1:200; Abcam, Cambridge, UK). The Alexa Fluor 488 (diluted
1:500; Invitrogen, Carlsbad, USA) secondary antibody was used for signal detection and
mounted with DAPI (4,6-diamidino-2-phenylindole; Vector Labs, Burlingame, CA, USA) for
nuclei. Digital images were obtained using a Zeiss LSM 510 Meta confocal microscope
(Zeiss, Germany).

2.3 Multiphoton microscopy (MPM) imaging

It is difficult to compare histological images with PS-OCT images in order to find spatial co-
registration due to the possibility of missing the desired sections during histological
processing. In addition, histological images tend to have morphological distortion. In order to
make direct comparison, rat prostate specimens which were fixed after PS-OCT imaging were
imaged by multiphoton microscopy (MPM, TCS SP5 11, Leica, Germany) with a Ti-Sapphire
laser (Chameleon Vision II, Coherent) at 140 fs pulse width and 80 MHz pulse repetition rate.
MPM imaging was performed using a 20 x objective lens (HCX IRAPO L 20 x , 1.0NA,
water immersion, Leica, Germany) with 1.5 um z-stepwise and processed by LAS AF Lite
(Leica, Germany). In order to enhance fluorescence signal of tissue, moxifloxacin ophthalmic
solution (Vigamox, Alcon Laboratories, Fort Worth, US) was topically administered 20 min
in 12.4 mM concentration before MPM imaging. It was reported that moxifloxacin can be
used as a cell labeling agent for MPM, due to its properties of intrinsic multiphoton
fluorescence and high accumulation inside cells [61]. Size of an acquired image was 1024 x
1024 pixels covering a field of view of 700 um x 700 pum, and excitation wavelength was set
to 780 nm for fluorophores in moxifloxacin.

2.5. Polarization-sensitive optical coherence tomography (PS-OCT)

All PS-OCT imaging in this study was performed by using a custom-built system, and a
schematic of the PS-OCT system is shown in Fig. 2. Detail information of the system was
described in a previous report [62]. The light source was a wavelength swept source (SSOCT-
1310, AXSUN Technologies) with a center wavelength of 1310 nm, bandwidth of 107 nm,
sweeping speed of 50 kHz, and imaging depth range of 6 mm in the air. Two orthogonal
polarization states having different optical path lengths were generated by a passive delay unit
(PDU). In the sample arm of an interferometer setup, light was collimated to 1.8 mm in
diameter with a fiber collimator (HPUCO-13A-1300/1550-S-11AS, OZ optics), and passed a
2D galvano mirror scanner (GVS012, Thorlabs), an 5x objective lens (L, LSMO03, Thorlabs),
an optical window, and then focused at the sample. The window was slanted at 8° to the
normal to avoid collecting strong specular reflection, and it maintained the tissue surface
close to the zero optical path length difference by touching. Reflected light from both the
sample and reference arms was combined and collected by a polarization diverse setup
containing two balanced photodetectors (PDB410C, Thorlabs) in the detection arm. Data was
obtained in 3D by acquiring multiple cross-sectional images in the x-z plane with step-wise
increment in the y direction. Imaging field was typically 5 mm x 5 mm in the x and y
directions, consisting of 500 pixels x 500 pixels. Image acquisition time was approximately
0.01 s and 5 s for a 2D cross-sectional image and a 3D image respectively. The signal-to-
noise ratio of the system was 103.2 dB. Imaging depth was approximately 1.5 mm in tissue
and system resolutions were measured as 20 pm and 10.8 pm in the lateral and axial
directions in the air respectively. Data was post-processed to get both intensity OCT and
polarization-sensitive (PS) OCT images using MATLAB (Mathworks). PS-OCT images were
obtained by analyzing the sample Jones matrices through eigenvector decomposition [63, 64],
and accumulated phase retardation was calculated as a function of depth. In PS-OCT images,
black and white colors represent 0° and 180° accumulated phase retardation respectively from
the surface. En face intensity OCT and PS-OCT images in the x-y plane were generated from
3D reconstructed data set by compiling cross-sectional images using MATLAB.
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Fig. 2. System configuration of PS-OCT. PC: polarization controller, FBG: fiber Bragg
grating, CM: collimator, CIR: fiber circulator, FC: fiber coupler, PBS: polarizing beam splitter,
PD: photodetector, PDD: polarization diverse detection, M: mirror, SM: scanning mirror, L: 5x
OCT scan lens (EF = 36 mm).

3. Results
3.1. PS-OCT imaging of rat prostate ex vivo

PS-OCT imaging was conducted on the rat prostate tissues containing MPG and CNs ex vivo,
and results are shown in Fig. 3 and Fig. 4, respectively. Both OCT intensity and PS-OCT
images are shown in a en face (x-y) plane at a superficial depth and two cross-sectional (x-z)
planes, and a histological image of the same sample in the en face plane is presented for
comparison. En face OCT intensity and PS-OCT images in Fig. 3(a), 3(b) and Fig. 4(a), 4(b)
are at approximately 175 pm and 95 pm deep from the tissue surface, respectively. These
depths were calculated by assuming the refractive index of typical biological tissue to be 1.4.
Locations of the cross-sections in Fig. 3(c)-3(f) and Fig. 4(c)-4(f) are marked with dashed line
I and II in the corresponding en face images. Histological images at the sites of MPG and
CNs are shown in Fig. 3(g) and Fig. 4(g), respectively. The prostatic glands and nerves are
visualized by DAPI (4, 6-diamidino-2-phenylindole, blue) nucleus staining and neuron-
specific B-1II tubulin antibody (green) respectively.

PS-OCT images of MPG containing rat prostate tissue visualized various periprostatic
structures. Two cross-sectional OCT intensity images show a thin and highly scattering
superficial layer covering the prostate, which could be prostate capsule. Below the covering
layer, tissues with different morphologies are shown. Weakly scattering compartmented
structures with strongly scattering spots are shown in Fig. 3(c), and these structures are fatty
tissues. Hexagonal shaped structures are shown in both cross-sections Fig. 3(c) and 3(e), and
these are prostatic glands. Cross-sectional PS-OCT images in Fig. 3(d) and 3(f) show local
birefringence in some part of the superficial highly scattering layer. Birefringent structures
become clearer in en face PS-OCT image at a superficial depth, because the birefringent
structures appear in white color out of black background. The birefringent structures in MPG
containing prostate tissue are fibrous with many branches which are consistent with
morphologies of nerves surrounding MPG, and these birefringent fibrous structures are
indicated by arrows (Fig. 3(b)). Presence of MPG in the tissue was confirmed by histology
shown in Fig. 3(g). En face OCT intensity image in Fig. 3(a) shows the fatty tissues and
prostatic glands clearly but the birefringent fibrous structures are not clearly visible.

PS-OCT images of CN containing rat prostate tissue show similar structures as those of
the MPG containing tissue. Cross-sectional OCT intensity and PS-OCT images in Fig. 4(c)
and 4(d) shows periprostatic fatty tissues and local birefringence in the highly scattering
superficial layer. En face PS-OCT image at a superficial depth in Fig. 4(b) shows birefringent
fibrous structures which indicated by arrows. These birefringent fibrous structures could be
CNs, since there are no other fibrous structures in periprostatic tissue. Presence of nerves in
the same tissue was confirmed by histology shown in Fig. 4(g). Cross-sectional OCT intensity
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image in Fig. 4(e) shows the highly scattering superficial layer covering the prostate tissue
and relatively large gland structures. Such gland structures appear well in en face OCT
intensity image (Fig. 4(a)) as well.

3

Fig. 3. PS-OCT images and histological images of rat MPG site ex vivo. (a, b) Intensity OCT
and PS-OCT images in the en face x-y plane (Visualization 1) and (c-f) in the cross-sectional
x-z planes (Visualization 2). (g) An immunofluorescence stained histological image. Dashed
line I and II indicate locations of the cross-sections (c, d) and (e, f) respectively. A star (*),
double stars (**) and arrows indicate periprostatic fats, prostatic glands and birefringent
fibrous structures, respectively. All scale bars are 1 mm.

™ Artifact
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Fig. 4. PS-OCT images and histological images of rat CN site ex vivo. (a, b) Intensity OCT
and PS-OCT images in the en face x-y plane (Visualization 3) and (c-f) in the cross-sectional
x-z planes (Visualization 4). (g) An immunofluorescence stained histological image. Dashed
line I and II indicate locations of the cross-sections (c, d) and (e, f) respectively. A star (*),
double stars (**) and arrows indicate periprostatic fats, prostatic glands and birefringent
fibrous structures, respectively. All scale bars are 1 mm.


https://www.osapublishing.org/oe/viewmedia.cfm?uri=boe-7-9-3170&seq=v001
https://www.osapublishing.org/oe/viewmedia.cfm?uri=boe-7-9-3170&seq=v002
https://www.osapublishing.org/oe/viewmedia.cfm?uri=boe-7-9-3170&seq=v003
https://www.osapublishing.org/oe/viewmedia.cfm?uri=boe-7-9-3170&seq=v004

Vol. 7, No. 9| 1 Sept 2016 | BIOMEDICAL OPTICS EXPRESS 3178 |
Biomedical Optics EXPRESS

3.2. Comparison between PS-OCT and MPM imaging of rat prostate ex-vivo

Although histological images provide definite answer about the presence of nerves, it is
difficult to find spatial co-registration in between histological images and PS-OCT images
due to morphological distortion and possible sectioning error during histological processing.
Another way to confirm the findings in PS-OCT images is to compare with MPM images,
because MPM can visualize microstructures including nerves in the sample. Both PS-OCT
and MPM imaging were conducted on the same rat prostate specimens containing MPG for
direct comparison, and results are shown in Fig. 5. En face OCT intensity and PS-OCT
images at a depth of approximately 150 um from the sample surface are shown in Fig. 5(a)
and 5(b) respectlvely A corresponding en face MPM image is shown in Fig. 5(c) This MPM
1mage is a mosaic image consisting of 18 imaging sections, and was acquired in the boxed
region of the en face OCT intensity and PS-OCT images. En face OCT intensity and PS-OCT
images show hexagonal shaped prostatic glands in the sample, and additional fibrous
structures running on the boundary of prostatic glands, respectively. These birefringent
fibrous structures contain multiple fibers. High-resolution MPM mosaic image in the same
region shows fibrous prostatic nerves and large prostatic glands in good spatial co-registration
with en face PS-OCT image. These prostatic nerves, shown in en face MPM image, are
mostly approximately 100 + 36 pm in thickness. Prostatic glands next to the nerves contain
multiple round microstructures. En face MPM mosaic image showing the prostatic nerves is
at approximately 50 pm deep from the surface, which is different from the depth location of
corresponding en face OCT intensity and PS-OCT images. En face PS-OCT image may show
birefringent fibrous structures at the higher depth, partly because it displays the accumulated
phase retardation with depth from the surface. Since en face PS-OCT image shows good
spatial correlation with en face MPM mosaic image, birefringent and fibrous structure found
in PS-OCT image was confirmed to be prostatic nerves.

Fig. 5. PS-OCT images and mosaic MPM image of rat periprostatic nerves surrounding MPG
ex vivo. (a, b) Intensity OCT and PS-OCT images in the en face x-y plane. Scale bar is 1 mm.
(c) Mosaic MPM image consisting of 18 images in dashed box region in (a, b). Scale bar is 500
um. A star (*) and arrows indicate prostatic glands and nerves, respectively.
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3.3 PS-OCT imaging of human prostatectomy specimens ex vivo

PS-OCT imaging was conducted on human prostatectomy specimens ex vivo, and results of
one specimen at different orientations are shown in Fig. 6-Fig. 8. Different from the rat
prostate, the human prostate is covered with multiple sheets of connective fibers, called as
fascia. Fascia covers the prostate glands and forms periprostatic environment. Prostatic nerves
and blood vessels forming neurovascular bundle (NVB) are situated in the space of fascia,
and surgeons dissect the interfascial planes during NSRP. NVBs are usually distributed more
in the posterolateral side of prostate, and less in the anterior side of prostate [9, 10]. Three
different sites of the prostatectomy specimens indicated in Fig. 1 were imaged: 5 and 3
o’clock sites in the posterolateral side, and 12 o’clock site in the anterior side. The results of
one representative prostatectomy specimen at 5, 3, and 12 o’clock sites are shown in Fig. 6,
Fig. 7 and Fig. 8 respectively. These figures have the same configuration of PS-OCT images
as the ones of rat prostate specimens in Fig. 3 and Fig. 4: OCT intensity and PS-OCT images
with area of 5 mm x 5 mm in a en face plane (x-y) and two different cross-sectional planes (x-
z). En face images shown in Fig. 6(a), 6(b), Fig. 7(a), 7(b) and Fig. 8(a), 8(b) are
approximately at 95 um, 285 um, and 265 pum deep from the surface, respectively. These
depths were calculated by assuming the refractive index of typical biological tissue to be 1.4.
Locations of cross-sections in Fig. 6(c)-6(f), Fig. 7(c)-7(f) and Fig. 8(c)-8(f) are marked with
dashed line I and II in the corresponding en face images.

Cross-sectional OCT intensity images of the human prostatectomy specimen at 5 o’clock
show fatty tissues in Fig. 6(c), and highly scattering superficial layer with underlying fatty
tissues in Fig. 6(e). These structures appear different in en face OCT intensity image at a
superficial depth: fatty tissue region and relatively uniform region are in the upper and lower
halves of the image. Cross-sectional PS-OCT images show local birefringence in the
superficial highly scattering layer in Fig. 6(f). En face PS-OCT image at the depth show
birefringent fibrous structures indicated by arrows. These birefringent fibrous structures are
located on the boundary of the two different regions in en face OCT intensity image. Prostatic
glands are not detected by PS-OCT imaging due to relatively thick covering layers of the
human prostate compared to the ones in rat prostate.

Cross-sectional OCT intensity images of the human prostatectomy specimen at 3 o’clock
show layered tissue structures in both cross-sections in Fig. 7(c) and 7(e). Corresponding
cross-sectional PS-OCT images show local birefringence in Fig. 7(d) and uniform
birefringence in Fig. 7(f). En face PS-OCT image at superficial depth shows both birefringent
fibrous and birefringent sheet-like structures which indicated by arrows and arrow heads
respectively. These birefringent structures could be nerves and fascia respectively. Histology
of the same tissue shown in Fig. 7(g) confirmed the presence of nerves. En face OCT
intensity image at the depth show birefringent fibrous structures on the border between the
region of layered structures and fatty tissue.

Cross-sectional PS-OCT images of the human prostatectomy specimen at 12 o’clock show
sheet-like structures having uniform birefringence in both cross-sections in Fig. 8(d) and 8(f).
These birefringent sheet-like structures indicated by arrow heads, appear clearly in en face
PS-OCT image (Fig. 8(b)), and these could be fascia shown in PS-OCT image at 3 o’clock
side. Other than the birefringent sheet-like structure, birefringent fibrous structures are not
shown in these PS-OCT images at 12 o’clock. Histology of the same tissue in Fig. 8(g)
confirmed absence of nerves.
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Fig. 6. PS-OCT images and histological images of the human prostatectomy specimen at 5
o’clock site. (a, b) Intensity OCT and PS-OCT images in the en face x-y plane
(Visualization 5) and (c-f) in the cross-sectional x-z plane (Visualization 6). (g) An
immunofluorescence stained histological image. Dashed line I and II indicate locations of the
cross-sections (c, d) and (e, f) respectively. Double stars (**) and arrows indicate periprostatic
fats and birefringent fibrous structures respectively. All scale bars are 1 mm.

Fig. 7. PS-OCT images and histological images of the human prostatectomy specimen at 3
o’clock site. (a, b) Intensity OCT and PS-OCT images in the en face x-y plane
(Visualization 7) and (c-f) in the cross-sectional x-z plane (Visualization 8). (g) An
immunofluorescence stained histological image. Dashed line I and II indicate locations of the
cross-sections (c, d) and (e, f) respectively. Double stars (**), arrows and arrow heads indicate
periprostatic fats, birefringent fibrous structures and birefringent sheet-like structures,
respectively. All scale bars are 1 mm.
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Fig. 8. PS-OCT images and histological images of the human prostatectomy specimen at 12
o’clock site. (a, b) Intensity OCT and PS-OCT images in the en face x-y plane
(Visualization 9) and (c-f) in the cross-sectional x-z plane (Visualization 10). (g) An
immunofluorescence stained histological image. Dashed line I and II indicate locations of the
cross-sections (¢, d) and (e, f) respectively. Arrow heads indicate birefringent sheet-like
structures. All scale bars are 1 mm.

3.4 Various OCT intensity and PS-OCT images of rat and human prostatic nerves

PS-OCT imaging was conducted on 8 rat prostates and 3 human prostatectomy specimens in
total, and approximately 2 - 3 different sites were imaged on each sample or sample
orientation. In order to show morphological variation, 5 representative en face OCT intensity
and PS-OCT images of rat prostates and human prostatectomy specimens showing
birefringent fibrous structures are presented in Fig. 9(a)-9(e) and 9(f)-9(j) respectively.
Depths of all these en face images were range between 140 — 280 pum from the surface. These
depths were calculated by assuming the refractive index of typical biological tissue to be 1.4.
En face OCT intensity images show prostatic glands and periprostatic fats by similar
morphologies with previous results. En face PS-OCT images showed various birefringent
fibrous structures, and there appears to be variation in morphology: some birefringent
structures are thin and parallel each other with some space in between (Fig. 9(g) and 9(h)),
and others are densely clustered (Fig. 9(b) and 9(c)). Approximately 2 — 5 birefringent fibrous
structures were detected in individual en face PS-OCT images on average, and their thickness
was 100 — 400 pm in both rat and human prostates. The size of smallest nerves which were
detected by PS-OCT was approximately 53 um and 154 um in rat and human prostates
respectively.
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Fig. 9. Various PS-OCT images of rat and human prostatic nerves in the en face (x-y) plane.
(a-e) Rat prostates and (f-j) human prostates. A star (*) and double stars (**) indicate prostatic
glands and periprostatic fats respectively. Arrows indicate the birefringent fibrous structures of
nerves. All scale bars are 1| mm.

4. Discussions

In this study, we investigated the feasibility of PS-OCT imaging for detecting prostatic nerves
from surrounding other periprostatic tissues based on both structural and birefringent
information. PS-OCT imaging was conducted on 8 rat prostates and 3 human prostatectomy
specimens in total, and PS-OCT results were compared with histology or MPM for
confirmation. PS-OCT images of rat prostates visualized highly scattering and birefringent
fibrous structures at the superficial region. These birefringent and fibrous structures were
confirmed to be prostatic nerves by both histology and MPM image. The birefringent fibrous
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structures in PS-OCT images could be either individual large nerves or clusters of multiple
nerves.

PS-OCT imaging of human prostatectomy specimens were more difficult than the rat
tissues, due to thick periprostatic fats covering the prostate capsule, coagulated bloods, and
burned resection margin of surgery. These factors could degrade the quality of PS-OCT
images. However, PS-OCT images of human prostatectomy specimens visualized fibrous
birefringent structures superficially-distributed birefringent sheet-like structures. Different
from the rat prostate, human prostatectomy specimens are covered with fascias which have
birefringent properties as well. The thickness of fascias is not uniform and varies depending
on different sections and patients [65]. Prostatic nerves and fascias could be distinguishable
based on morphology in the en face PS-OCT images: fibrous and sheet-like structures
respectively.

There were some small nerves, which appeared in MPM image only but not in PS-OCT
image, in the rat prostate specimens. Width of those small nerves was approximately 4 - 10
pm in MPM images. This might be because the accumulated phase retardation in those nerves
was insufficient for detection by PS-OCT due to either small thickness or weak polarization
property. Birefringent property of nerves is from two sources: microtubule arrangement of
nerve axons themselves and their alignment, and myelin sheath surrounding the nerve axons.
The prostatic nerves consist of both myelinated and unmyelinated nerve fibers and their
composition varies on different sections [66, 67]. Therefore, both sources might contribute to
birefringence in the prostatic nerves.

In rat prostate, OCT intensity images visualized various periprostatic structures: the
prostate capsule at superficial depth, and fat and prostate glands below the prostate capsule.
The prostate capsule consists of dense connective tissue rich in elastic fiber and smooth
muscle cells, and its thickness varies depending on different areas due to the variations in the
volume of smooth muscle content. The mean thickness of human prostate capsule is 0.5 mm
to 2 mm [68], and the thickness of rat prostate capsule might be thinner than the human one.
The human prostate capsule could not be visualized in OCT intensity images of
prostatectomy specimens due to thick periprostatic fats and fascias covering the capsule.

The next step will be pre-clinical study with animal models. For that, the current system
will be miniaturized for in-vivo imaging of rat model or for translating PS-OCT as an
imaging guide during NSRP by implementing a laparoscopic OCT probe which can do both
wide-field imaging and PS-OCT [69]. Also, real-time PS-OCT displaying technique in both
cross-sectional and en face views will be developed for rapid nerve detection during surgery.
We expect that this study provides a basis of the intraoperative use of PS-OCT for detecting
the prostatic nerves, and also it may improve the complete cancer resection while preserving
the nerves during any surgeries as well as radical prostatectomy.
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